INTRODUCTION
The diagnostic criteria for PCOS has seen a lot of changes since Stein and Levinthal described this syndrome. [1] [2] [3] Though not required for diagnosis, insulin resistance (IR) plays a crucial role in PCOS and its sequel. 4, 5 Whether PCOS is as a result of IR or results in IR is a controversial point. There may be an opinion that all women with PCOS are insulin resistant but there are large differences in the levels of this resistance.
important clinically and epidemiologically to evaluate IR simply and accurately in individual PCOS and know which form/phenotype of PCOS has a greater predisposition for this. It would help the clinician to plan interventions and prevent long term effects. 7, 8 Insulin resistance (IR) has been broadly defined as "a state in which a greater than normal amount of insulin is required to elicit a quantitatively normal response". 11 Assessment of IR (or, conversely, insulin sensitivity) clinically can be done by several tests, 1 . Determination of insulin levels, either at baseline (fasting) or after oral glucose tolerance testing(OGTT). 12 2. Assessment of sequential plasma glucose levels after the IV administration of insulin (ITT). 12 3. Estimation of an index of insulin sensitivity (Si) by applying the minimal model technique to data obtained from the frequently sampled IV glucose tolerance test (FSIVGTT). 13 4. Measurement of in vivo insulin mediated glucose disposal (M) by the euglycemic-hyperinsulinemic clamp procedure. 14 The last one is considered the gold standard. However all these tests are tedious and require several samples of blood.
In comparison Homeostasis Model Assessment (HOMA) and Quantitative Insulin Sensitivity Check Index (QUICKI ) two mathematical indices derived from fasting insulin and glucose levels are easier to calculate ,need only one blood sample from which these two parameters can be assessed and quite adequately reflect insulin sensitivity. 15 Both postulate that elevated fasting glucose levels reflect a compensatory mechanism that maintain fasting insulin levels when there is a reduced insulin secretory capacity, and also that fasting insulin levels are elevated in direct proportion to diminished insulin sensitivity. The parameters have already been assessed by various workers and correlated with the Euglycemic-Hyperinsulinemic Clamp Studies that is considered the gold standard method for the assessment of IR though not suitable for routine clinical work. 15, 16 QUICKI has been found to have a better correlation. Whereas HOMA and QUICKI have a negative correlation between each other.
15,16

Objectives
We conducted this study to see how these indices differ in the different PCOS phenotypes and whether it is worthwhile calculating these mathematical indices in young PCOS to determine their insulin resistance and thereby their predisposition towards metabolic sequelae in later life.
We also compared insulin resistance in PCOS when defined by Rotterdam versus Androgen Excess Society (AES) criteria.
Using a cut off value for the two indices we tried to identify actual IR in the four phenotypes and also the difference in IR when PCOS was defined as per Rotterdam criteria versus PCOS defined as per AES criteria.
METHODS
The cases included in this study were collected from three medical colleges and all of them were medical undergraduates from these colleges .Institutional Review Board approval was sought and obtained from all three. All students gave informed consent. 90 cases met the Rotterdam criteria of polycystic ovarian syndrome. The cases were all newly diagnosed ones .We did not include those which had already been diagnosed and were taking treatment. The cases were between the ages of 18-25 yrs. The data was collected over a period of 2 years. Each included case met the polycystic ovarian syndrome diagnosis as recommended by Rotterdam criteria and secondary causes such as non-classical 21-hydroxylase deficiencies, hyper-prolactinemia and androgen secreting neoplasm were excluded.
Detailed history was taken and examination was conducted for features of hirsuitism, acne, acanthosis nigricans and androgenic alopecia .Body Mass Index (BMI) was also calculated.
The cases were divided into four groups as per the 4 phenotypes of PCOS as follows The features for allotting the phenotypes were taken as follows; Hyperandrogenism (HA) was defined when both clinical (hirsuitism as judged by a modified Ferriman Galloway score of >8, or acne or androgenic alopecia or acanthosis nigricans) and biochemical (elevated testosterone) evidence was present. We did not include cases which had only hirsuitism but normal total testosterone (Idiopathic hirsuitism). So HA was only those cases which had evidence of clinical hyperandrogenism and elevated testosterone. Menstrual Irregularity (MI) was defined as menstrual cycle interval more than 35 days or less than 8 bleeding episodes in one year.
Polycystic Ovarian Morphology (PCOM) was defined by Ultrasound when more than 12 follicles between 2-9 mm were present in either or both ovaries or ovarian volume of either ovary was more than 10 cc.
Investigations
Blood samples for baseline measurements were collected after an overnight fast on day 2 or day 3 of the menstrual cycle or randomly in the case of amenorrhea. All these patients were tested for fasting sugar and fasting insulin levels. In addition thyroid profile, prolactin levels and 17-OH Progesterone derivatives were done as a part of exclusion. Oral glucose tolerance test (OGTT) was done if fasting glucose level exceeded 110 mg/dL to exclude diabetes mellitus or impaired glucose tolerance.
For measuring insulin resistance/insulin sensitivity we used the mathematical indices HOMA and QUICKI.
HOMA was calculated using the formula-HOMA = fasting insulin (µu/mL) x fasting glucose (mmol/L)/22.5.
QUICKI was calculated by the formula-QUICKI = 1/[Log (fasting) insulin + Log (fasting) glucose]
We used a cut off value of >2.6 for HOMA, this would mean any participant having a value above would be considered as IR. The cut off value for QUICKI was <0.33, this would mean any participant having a value below would be considered IR.
Statistical analysis:
The demographic variables have been represented using mean±SD.
The comparison of HOMA and QUICKI among the phenotypes has been done using ANOVA test followed by Tukey's post hoc test where ever it was necessary.
For the AES vs rotterdam comparison the HOMA values has been compared using Independent sample test and the comparison between QUICKI values has been made using Man Whitney U test.
The number of people who were identified as IR either by HOMA or QUICKI cut offs were expressed as percentages.
Statistical analysis has been performed using R Software.
RESULTS
A total of 90 students met the Rotterdam diagnostic criteria of PCOS from all three centres. The PCOM+MI (n=31) phenotype was the commonest. The least numbers were of the MI+HA phenotype (n=15). 60 subjects were randomly included for the analysis (15 from each phenotype). The randomisation was done to make the number of subjects in each phenotype equal and make the comparison meaningful.
The age of the participants ranged from 18-25 years.
There was no significant difference in the age and the BMI of the four phenotypes (Table 1) . There is a significant difference among the HOMA values in all the four groups* (ANOVA P value <0.001) and on post hoc analysis we found a significant difference between group 1 as compared to group 2 (p value < 0.0125 )and a significant difference between the group 3 and group 4 (p value< 0.0125) ( Table 2 ). There is a significant difference among the QUICKI values in all the four groups* (ANOVA P value<0.001) and on post hoc analysis we found a significant difference between Group 1 as compared to group 2 (P value<0.0125) and a significant difference between the group 3 and group 4 (P value< 0.0125) ( Table 3) . When taking the QUICKI cut off of < 0.33 we found that all the participants in the latter three phenotypes were IR. The PCOM + MI category had 34% IR participants (Table 6 ). 
DISCUSSION
Insulin resistance (IR) has a broad clinical spectrum and heterogeneous manifestations. Though the concept of insulin resistance is easy to understand, who is insulin resistant and to what extent, is difficult to assess and measure in a clinical setting. Insulin resistance is an important component of PCOS. It has been suggested that all women with PCOS should be considered as insulin resistant. But this recommendation does not account for the wide variations in insulin resistance among women with PCOS. Thus it is important to try to assess whether the whole spectrum (all phenotypes) of PCOS exhibit insulin resistance and to what extent, as insulin resistance is what leads to long term, life threatening sequelae. Counseling, therapeutic regimens, life style changes and other measures could then be tailored and monitored depending on this assessment.
In our study we used two mathematical indices to assess differences in insulin resistance in the various phenotypes of PCOS according to the Rotterdam criteria and also to compare the same between PCOS as diagnosed by Rotterdam versus those diagnosed by AES criteria. These indices are easy to calculate, require a single blood sample and therefore are suitable for clinical practice even in resource poor settings. These two indices are also well correlated to the gold standard (euglycemichyperinsulenemic clamp) for measurement of insulin resistance. 14 As with several other studies we too found a negative corelation between the two mathematical indices HOMA and QUICKI. [15] [16] [17] We found a considerable difference in the levels of insulin resistance, as estimated by the two indices, among the different phenotypes of PCOS.
The phenotype of PCOM+MI+HA showed the least insulin sensitivity\maximum insulin resistance when compared to the other phenotypes. The mean HOMA value was the highest and the mean QUICKI value was lowest in this group. We do not know of any study which has done such a comparison.
When we compared the indices in the PCOS Rotterdam versus the PCOS AES group we found the latter group to be more insulin resistant than the former The Androgen Excess Society has specified that PCOS be first considered as a disorder of hyperandrogenism. 2 It is an established fact that hyperandrogenism induces insulin resistance. [18] [19] [20] [21] By the above criteria the clinical implications that can be drawn are that the particular phenotype of PCOM+MI+HA are more insulin resistant and therefore susceptible to long term metabolic sequelae. Same would apply for the PCOS which are diagnosed as per the AES criteria than those that fall into the Rotterdam criteria. These groups would therefore be benefitted by measures to increase insulin sensitivity and would need to be monitored more frequently for long term effects.
There may be some factors to take into account before coming to the above conclusions. There are many factors that influence insulin sensitivity as age, gender, genetics, ethinicity, BMI and metabolic syndrome. [5] [6] [7] There is no gender or ethinicity variation and not much age variation in our study group but it has not taken into consideration BMI and metabolic syndrome, both of which are associated with PCOS. Future studies could take into account the role of these two when assessing IR in PCOS using the two mathematical indices.
We used a cut off values of these two indices to see whether all PCOS were Insulin resistant. 22 Using a HOMA value of >2.6 to mean insulin resistance we found that not all PCOS could be called insulin resistant. The MI+HA and the PCOM+MI+HA phenotypes universally exhibited insulin resistance but none of the PCOM+MI phenotypes had insulin resistance Using a QUICKI cut off of <0.33 to mean insulin resistance we found more cases to be so .All cases in the later three phenotypes and about 34% in the PCOM+MI were insulin resistant.
As with the previous conclusions the above conclusion too has not taken into account the other factors that affect insulin resistance (mainly BMI and metabolic syndrome)
There are several studies which have tried to find cut off values for both HOMA and QUICKI to detect Insulin Resistance for different clinical conditions, (mainly type 2 diabetes) and in different populations. [22] [23] [24] We used the cut off values of HOMA and QUICKI as per a study that was similar in ethnicity and geographical location to our study. This was a pilot study done to test the surrogate markers of Insulin resistance in type 2 diabetics. 22 Our study has tried to use the easily obtainable mathematical indices of insulin resistance to measure the same in various phenotypes of PCOS and thus tailor treatment in a clinical setting. It has concluded that there are differences in insulin sensitivities. Further studies with a larger number of participants would consolidate or refute our findings.
Increasing the number of participants and comparing with healthy controls could help find cut off values for these indices for different populations serving as benchmarks to start interventions targeted at increasing insulin sensitivity. Also further research would be conducted with the aim to find out whether QUICKI identifies more PCOS subjects as IR as compared to HOMA. In this context our study had very limited number of participants to make a meaningful conclusion.
